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REACTIONS  OP  ANTHRAQUIHONE  SULPHOITIC  ACIDS  WITH  1£ERCA?TAUS. 

It  had  "been  found  by  Reid,  Macball  and  Miller^  that  alpha 
anthraquinone  sulphonic  acids  react  readily  with  aliphatic 
mercaptans  in  alkaline  solution  to  form  anthraquinone  alkyl 
thio  ethers  or  anthraquinone  alkyl  thio  ether  sulphonic  acids. 
Thus: 
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They  have  studied  in  detail  the  reactions  of  1-  anthraquinone 
sodium  sulphonate,  1,5-  and  1,8-  anthraquinone  di -sodium  sul- 
phonate  with  iso-amyl,  iso-butyl,  butyl,  propyl,  ethyl  and 
methyl  mercaptans.  The  reactions  were  found  in  all  cases  to  go 
readily  with  good,  tho  not  quantitative  yields,  giving  highly 
colored  alkyl  thio-ethers  with  sharp  melting  points. 

The  present  investigation  was  undertaken  to  extend  the 
study  of  the  reactions  to  other  mercaptans,  to  obtain  more 

knowledge  as  to  the  optimum  conditions,  and  to  endeavor  to  throw 
some  light  on  its  mechanism. 

1.  Reid,  Mackall  and  Miller  -  J.  A.  G.  S.  43,  2104  (19£1) . 
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A  survey  of  tlie  best  conditions   for    the  general  reaction 
was  made  by  studying   the  reaction  of  alpha  anthrequinone 
sodium  sulphonate  with  butyl  mercaptan.     A  number  of  deter- 
minations  of   the  yield  of  anthraquinone-butyl-thio-other  were 
made  in  which   the    time,    the  concentration,    and   the  proportion 
of  alkali  used  were   independently  varied.      It  was   found   that 
the  reaction  is  comparatively  slow  and   that  after   four  hours 
of  refluxing  at  lOO^G,   under  proper  conditions    the  yield  of 
the  crude  product  is   85.4  %,       Longer  boiling  of  the  reaction 
mixture  Increases    the  yield  only  very  slightly.     At   this   stage 
the  concentration  of  the  ingredients   is    too  small   for  a  fast 
reaction;      for  it  was   found   that  increased  dilution  greatly 
reduces    the  speed  of  reaction,    for  example,    the  yield  of  86.4^ 
would  be  cut  down   to  24.5^  if   the  dilution  of   the   original 
mixture  were   eight    times   as   great. 

The  speed  of  the  reaction  appears    to  depend  on   the  concen- 
tration of   the  sodixim  salt  of   the  mercaptan  and  as    the  mercap- 
tan is  an  extremely  weak  acid,   excess   of  alkali  is  needed   to 
keep    the  mercaptan  as  sodium  salt.     Under  given  conditions,    the 
yield  is   raised  from  67.4^   to  86,4%  by  increasing   the  alkali 
from  1   to  4  equivalents.     When  8  equivalents   of  sodium  hydroxide 
were  xised   there  was  a  alight  diminution  in    the  yield  which  was 

perhaps   due    to  Its   great  "salting  out"   effect  on   the  anthra- 
quinone  sodium  sulphonate,    thereby  diminishing  its  concentration, 
When  no  sodium  hydroxide  was  used,   no    thio-ether  was   obtained. 
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wliioh  shows    that   the  reaction   takes  place   only  with  the  sodium 
salt  of  the  mercaptan  or  its   ions. 

Reactions  with  Benzyl  Mercaptan  and  Nitro  Benzyl  Mercaptan. 

Reid,  Maokall  and  Miller  had  found   that   the    the   formation 
of  thio-ethers    took  place  readily  with  aliphatic  mercaptans,   no 
success  was   obtained  using  aromatic  mercaptans.      It  was,    there- 
fore,   thought  advisable    to    try  benzyl  mercaptan,   which   tho  ali- 
phatic,  still  contains  an  aromatic   group.      Benzyl  mercaptan  re- 
acted quite  readily,   and  also  easily  with   the  1,5  and  1,8  anthra- 
quinone  di-sodium  sulphonate  giving  benzyl   di- thio-ethers   and 
benzyl    thio-ether  sodium  sulphonate.     A  large  number  of  mixed 
thio-ethers  were  prepared  by  boiling   thio-ether  sodium  sulpho- 
nates   prepared  by  Reid,  Mackall  and  Miller  with  benzyl  mercap- 
tan.     These    thio-ethers   are  all  highly  colored,    ranging  from 
golden  yellow   to  crimson,   and  have  sharp  melting  points.      They 
are  of   the  same  general  character  as    those  previously  obtained, 
being  completely  insoluble   in  water,   slightly  soluble  in  alcohol, 
and  quite  soluble  in  benzene  and  solvent  naphtha,    from  which 
latter  liquids    they  can  be  easily  recrys tallized. 

The  1,5  and  1,8  an thraquinone  benzyl    thio-ether  sodium 
sulphonates  are  yellow  compounds,   slightly  soluble  in  water, 
and  contain  water  of  crystallization.      The  barium  salt  may  be 
obtained  by  double  decomposition  with  barivim  chloride.      The  1,5 
sodium  salt  is   so  slightly  soluble  in  water   that  it  was  prac- 
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tically  impossible    to  obtain  an  appreciable  yield  of  1,5 
benzyl  di- thio-ether. 

The  sulphones   corresponding   to    the    thio-ether  can  be 
prepared  easily  by  oxidation  of   the    thio-ether.     However,    it 
was    found  impossible  here    to  use   fuming  nitric  acid  for   the 
oxidation,   which  was  used  very  successfully  by  Reid,  Mackall 
and  Miller  with  their  products,    because  of   the  danger  of 
nitration  in    the  benzene  ring.      The   oxidation  was,    therefore, 
carried  out  by  using  chroniTin   trioxide   in  acetic  solution.      The 
sulphoneq,  th\is  prepared  are  yellowish  white,   crystalline  com- 
pounds,   easily  soluble  in  glacial  acetic  acid,    but  completely 
insoluble   in  w^ter. 

p-Nitro-beazyl  meroaptan  was    then   tried  with  alpha  anthra- 
quinone   sodium  sulphonate.      It  was   found   to  re^ct  quite   readily 
and  gave  a  good  yield  of  a  reddish  brown  compound.      This  com- 
pound was   found,   however,    to  be  very  impure,   containing  no  doubt 
nitro  benzyl  disulphide  and  perhaps  also  ni tro-reduo tion  products. 
Moreover,    the  great  insolubility  of   the  p-nitro  benzyl   thio-ether 
made  it  quite   difficult    to  reorys tallize  and   to  study  any  further. 
An  attempt  was  made    to  reduce  it    to    the  corresponding  amino  com- 
pound,   but  its   great  insolubility  made  it  difficult   to  work  with. 
Further  experimentation  was,    therefore,   abandoned. 
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Reactiona  with  Iso  Propyl  Mercaptan. 

Reid,  Mackall  and  Miller  had  used  only  primary  mercaptans. 
The  reaction  was,  therefore,  extended  to  secondary  mercaptans, 
iao-propyl  morcaptan  l»eing  used  because  it  was  easily  prepared. 
It  reacted  quite  readily  with  the  anthraguinone  sodium  sul- 
phonates,  but  much  more  slowly  than  butyl  mercaptan  because  of 
its  great  volatility.  (It  boils  at  57°).   The  thio-ethers  ob- 
tained are  similar  to  those  previously  prepared. 

The  preparation  of  the  sulphone  involved  difficulties.   It 
was  found  that  in  most  cases,  no  insoluble  oonpouzids  at  all  were 
formed  on  oxidation  of  the  thio-ethers,  evidently  showing  that 
sulphones  were  not  formed.   In  the  case  of  1,5  thio-ethers  a 
small  yield  of  sulphone  was  obtained.   The  great  solubility  of 
the  products  obtained  on  oxidation  led  to  the  suspicion  that 
sulphonic  acids  were  formed.   That  this  was  probable  was  seen 
from  the  general  behavior  of  isopropyl  compounds  on  oxidation. 
It  has  been  shown  that  compounds  containing  the  group    c. 


M3"  H  '^3 
can  be  readily  oxidized  to    ^  .  ^\ 

H 

Ifmauoh  oxidation   took  place  in  the  case  of   thio-ethers^ 

053  -""^  -.    ceo   --"3 

the  resulting  compounds  would  very  likely  prove  unstable  in  the 
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presenoe  of  excess   of  the  oxidizing  agent  and  would  be   further 

oxidized   to         C  >.  jC  i~"^^  *      '^'^  products    thus   obtained 

should  be  O  acids,   and  neutralizable  by  sodium 

hydroxide.       A  quantitative  study  of   the  reaction  of  1,8  anthra- 
qulnone  iso-propyl  di-thio-ether  was    therefore  made,    the  1,8 
compounds  having  been  found    to  oxidize  practically  completely 
to    the  soluble  compounds.      The    thio-ether  was   oxidized  by  fuming 
nitric  acid  and  evaporated   to  dryness    to  remove  all   the  nitric 
acid.      The  residue  was   dissolved  in  water  and   titrated  with 
sodium  hydroxide.      It  was  found   that  practically   the    theoretical 
amount  of  alkali  was   required.      The  resulting  product,  which 
should,    therefore,    be  1,8  anthraquinone  di -sodium  sulphonate 
should  react  with  mercaptans.     Butyl  mercaptan  was   found   to  re- 
act with  it  giving   the  1.8  butyl  di-thio-ether,   with  the  melt- 
ing point  found  by  Reid,  Mackall  and  Lliller.      The   formation  of 
the  sulphonic  acid  was    thxis  proved. 

The  mixed  1,8  iso-propyl   thio-ethers  were   found   to  he  oxi- 
dized  to  sulphone  sulphonic  acids  which  reacted  with  butyl  mer- 
captan  to   give  sulphone    thio-ethers,   a  new  class   of  compounds 
which  were  later  prepared  by  a  slightly  different  way.      Thus 


ceo- 
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Iso-propyl  mono- thio-ether  and   the  mixed  1,5  iso-propyl 
alkyl   thio-ethers  were   found   to  go  only  partly  to    the  sulphonic 
acids,    giving  a  small  yield  of  di-s^llphones .      Thjto  from  each 
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of  these    thio  ethers    two  products  were   eventually  obtained, 
a  di-sulphone  and  a  stilphone  butyl   thio-ether. 

1,5  Anthraquinone  Butyl  Sulphone  Sodium  Sulphonate. 

S-ulphoues  had  been  prepared  by  Reid,  Maokall  and  Miller 
from   thio-ethers,   but  no  attempt  was  made  by  them   to  obtain 
a  sulphone  sodium  sulphonate  by  oxid6,tion  of  a   t)iio-ether  sodium 
sulphonate.      This  reaction  was,    therefore,   studied.      "Gold  salt", 
1,5  anthraquinone  butyl    thio-ether  sodium  sulphonate  was   found 
to  be  easily  oxidized  by  fuming  nitric   acid  and  gave    the  ex- 
pected 1,5  butyl  sulphone,   sodium  sulphonate.      It  is  a  straw 
yellow  powder,    exceedingly  soluble   in  water,    forming  in   the 
presence  of  alkali     a  brownish  black  solution.     A  water  solu- 
tion boiled  down   to    the   formation  of  crystals  at  boiling  .temper- 
ature, was  cooled   to  about  30°  without    the   further  separation 
of  crystals.     When   these  crystals  were   filtered  off,   and   the 
filtrate  allowed   to  cool   further,    the   bulk  of   the  salt  was   found 
to  separate  out  in  a  mass   quite  suddenly.      This  behavior  pointed 
to    the  presence  of   two  hydrates   below  100°G.        The   first  crystals 
showed  a  water  content  near   to  one  half  of  a  molecule,   while 
the  second  batch  of  crystals  showed   the  water  content  closer 
to   one  molecule,    tho    the  determinations  were  by  no  means  con- 
clusive. 

1,5  Butyl  sulphon6_sodium  sulphonate  would  be  expected   to 
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reao  t  with,  mercaptans   even  more  readily  tlian  1,5  "butyl    thio- 
ether  sodium  sulphonate,   since    the   former  is  much  more  soluble 
in  water   than   the  latter.      However,    it  was   entirely  unexpected 
to   find   that   the  addition  of  butyl  mercaptan   to    the  hot  solu- 
tion of   the  sulphone  sulphonate  in  alkaline  solution  gave  an 
instantaneous  precipitation  of   the  sulphone    thio-ether,   with 
a  yield   that  was  practically  quantitative.      The  reaction  of 
butyl  mercaptan  with  sodium  sulphonates,    it  is    to  be  remembered, 
gave  about  86^  yield  after  four  hours   of  boiling.      Ihis  enor- 
mous  Increase   in   the  speed  of   the   reaction  cannot  be  accoimted 
for  merely  by   the   greater  solubility  of   the   butyl  sulphone 
sodium  sulphonate.      There  must  be  some  specific  effect  of   the 
siilphone  residue  upon   the  reaction,   but  what  it  is  connot  easily 
be  determined. 

The  same  speed  of  reaction  was   found  In   the  case   of   the 
other  aliphatic  mercaptans.      In  all  cases,    the  mercaptan  dropped 
into    the  hot  so  lution  of  the  sulphone  sulphonate  gave  an  in- 
stantaneotis,   practically  quantitative  yield  of  sulphone    thio- 
ether.      Since    these  compounds  are  crys tallizable   from  acetic 
acid  with  definite  melting  points,    this   reaction  is   offered  as 
a  method  for  identification  of  mercaptans.      Its   great  speed 
of  reaction  and  quantitative  precipitation  of   the  products 
permits  a  quick  identification  of  small  amounts   of  mercaptan. 

The  melting  points  of  the  various  sulphone    thio-ethers  have 
been  determined  and  are   found  in   the  experimental  part  of 
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tbis  paper. 

The  great  Increase  in  speed  of  the  mercaptan  reactions  with. 
1,5  butyl  sulphoae  siolphonic  acid  suggested  the  determination 
of  whether  the  failtire  of  aromatic  mercaptans  and  aliphatic 
alcohols  to  react  readily  with  anthraquinone  sodium  sulphonates 
was  merely  a  question  of  an  extremely  small  speed  of  reaction  - 
rather  than  a  qualitative  difference  between  the  nature  of 
aromatic  mercaptan  .reaction  and  that  of  aliphatic  mercaptans. 
For  this  reason,  thio-phenol  was  added  to  a  hot  solution  of 
the  butyl  sulphone  sodium  sulphonate  in  alkali,  and  a  yellowish 
broivn  solid  was  found  to  begin  separating  out  within  a  few 
minutes.   This  compound  proved  to  be  the  butyl  sulphone  phenyl 
thio-ether  as  was  to  be  expected.   The  reaction  was  not  quanti- 
tative, nor  nearly  so  fast  as  that  of  butyl  mercaptan,  but  its 
speed  was  comparable  to  that  of  the  ordinary  mercaptan  with 
simple  anthraquinone  sodium  sulphonate.  It  seems  likely  from 
the  success  of  this  reaction  that  phenyl  mercaptan  does  reaclt 
with  anthraquinone  sodium  sulphonates,  but  with  extremely  slow 
speed. 

p-Nitro-phenyl  mercaptan  was  next  tried  with  the  butyl 
sulphone  sulphonate.   The  course  of  the  reaction  could  not  be 
followed,  since  nothing  could  be  seen  separating  our  from  the 

the  reaction  mixture,  as  might  have  been  expected  from  the 
tendency  of  the  nitro  compound  to  form  nitrolic  acids  in  al- 
kaline solution.  However,  after  refluxing  for  four  hours,  the 
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mlxtiore  was  aoidified,  whereupon  a  dark  brown  solid  separated 
out.   Its  great  insolubility  in  most  solvents  made  it  difficult 
to  purify. 

Tlie  action  of  aliphatic  alcohols  upon  the  butyl  sulphone 
sulphonates  was  next  tried.  Butyl  alcohol  was  used.  Continued 
boiling  with  the  sulphone  sulphonate  gave  no  precipitation  of 
a  solid.   It  was  felt,  then  ,  that  perhaps  the  excess  butyl 
alcohol  retained  the  reaction  product  in  solution.   The  liquid 
was,  therefore,  distilled  with  steam  until  all  butyl  alcohol 
was  removed,  but  still  no  precipitate  was  found.   Alcohols, 
it  seems,  therefore,  do  not  react  at  all  with  anthraquinone 
sodium  sulphonates. 

The  brownish  black  solution  formed  on  boiling  an  alkali 
solution  of  the  butyl  sulphone  sulphonate  was  thought  to  be 
due  to  the  formation  of  some  butyl  sulphone  hydroxide  from  a 
reaction  with  the  alkali,  but  all  attempts  to  Isolate  such  a 
product  failed. 

Reactions  with  Mono  Thio  Ethylene  Glycol. 
^  -hydroxy  ethyl  mercaptan  (mono  thio-ethylene  glycol, 
OHCHgCHgSH)  reacted  quite  readily  with  anthraquinone  sulpho- 
nates.  Since  the  mercaptan  is  soluble  in  water,  the  speed  of 
reaction  is  greater  than  that  of  ordinary  aliphatic  mercaptans. 
With  alpha  anthraquinone  sodium  sulphonate  was  obtained  a 
good  yield  of  alpha  hydroxy-e thyl  thlo-ether,  which  agreed  in 
melting  point  with  that  obtained  by  Gatterman  ,  who  made  it  in 
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ano tlier  way.      The  ease  of  th.e   reaotion  and   the  characteristic 
properties   of   the    thio-ether  make    this   reaction  a  reliable 
test  for   the  presence  of  hydroxy-ethyl  mercaptan. 

The  reaction  seemed   to  be  accompanied  by  other  reactions, 
for  it  was   found   that   the  analyses   for  sxilphur  were   generally 
a  little  high  and   the  melting  points  a  little   low.     A  second 
recrys tallization,   however,    usually  gave    the  pure  compounds. 

The    thio-ethers   obtained  contain  a  hydroxyl  group  and 
are,    therefore,   slightly  soluble  in  water.      The  addition  of 
soditun  hydrosulphi te    to  a  suspension  of   the    thio-ether  in 
alkali   dissolved   the    thio-ether  with   the   formation  of  a  red 
solution,   which  seemed   to  be  adsorbed  by  fabrics. 

Reactions  with  Ethylene  Mercaptan. 
Ethylene  mercaptan   (SHGHgCHgSH)    reacted  readily  with  an- 
thraquinone  sodium  stilphonates  but    the  products   formed  were  so 
impure    that  no  positive   results  cculd  be   obtained  as    to    their 
nature.      It  was    thought,   hov.-ever,    that   the  principal  reaction 
is  not   the   formation  of  simple  ethylene  di- thio-ethers , 

like       C(!X5'^     '^'^^^CXiO         ^^^  °^  ^   disulphide  di-thio- 
'/I  " 

ether.        0^0  COO  ^°™^* 

by   the  oxidation  of     yv>-!^/sS  cw^c/^^s  H 

/I 

o 
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EXPERILIElimL. 

Determination  of  Effect  of  Time,   Dilution  and  Proportion 

of  Alkali. 

Three  grams  of  alpha  anthraquinone  soditan  sulphonate  was 
dissolved  in  150  cc.  of  water  containing  four  equivalents  of 
sodium  hydroxide.   This  was  heated  to  boiling.   To  it  was,  then 
added  1-^  equivalents  of  "butyl  mercaptan.   This  mixture  was 
refl\axed  for  one  hour,  two  hours,  four  hours,  six  hours,  eight 
hours,  in  separate  experiments.   The  reaction  mixture  was  then 
filtered  by  suction  on  a  previotisly  weighed  small  Bttchner  fun- 
nel and  the  residue  was  washed  with  hot  water  until  the  filtrate 
was  colorless,  thereby  removing  all  unreacted  anthraquinone  • 
sodium  sulphonate.   The  Btlchner  funnel  was  dried,  cooled  and 
weighed.   In  determining  the  effect  of  dilution,  the  same  pro- 
cedure wes  followed  using  three  grams  of  the  sulphonate  with 
four  equivalents  of  alkali  in  successively  -  75  cc.  of  solution, 
150  cc,  300  cc.  and  600  cc,  and  boiling  for  four  hours.   The 
effect  of  alkali  was  studied  in  the  same  way,  using  successively 
no  sodium  hydroxide,  one  equivalent,  two,  four,  and  eight. 
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The  results  are  here    tabulated: 

Time   (hours)            12  4                  6                  8 

%  Yield                   59.4            75.0  78.5            84.3            85.8 

Dilution      75  cc.   150  cc.  300  oc.    600  oo. 

%   Yield        86.4     78.5  57.8       24.5 


Equivalents      0       1        2      4       8 
of  NaOH 

%   Yield         0      67.4       79.9    86.4    85.4 


Reactions  with  Benzyl  and  p.llitro-benzyl  Mercaptans. 

Preparation  of  meroaptans;      Benzyl  mercaptan  was  prepared  by 
a  slight  modification  of   the   general  method  given  by  Maroker.^ 
One  and  a  half  mole  of  Na2S.9  HgO  was  melted  at  90°C.    on  a 
water  bath  and  was  saturated  with  hydrogen  sulphide.      To    this 
was  added  an  equal  volume  of  ethyl  alcohol,   and   the  mixture 
resaturated  with  hydrogen  sulphide.      To    the  resulting  alcohol- 
water  solution  of  IlaSH  was   added  a  mole  of  benzyl  chloride  dis- 
solved in  alcohol.      The  mixture  was   allowed   to  stand  in   the  cold, 
with  frequent  shaking  for  foiir  days,   kept  cold  if  necessary 

1.     Iviarcker  -  A.      136,    76    (1865). 
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witti  rimning  water   to  prevent  as  much  as  possible    the   oxidation 
of   the  mercaptan   to    the   disulphide,   and   the   formation  of  the 
mono-sulphide  hy   the  action  of  ITagS  in  equilitrium  with  the 
NaSH,   both  of  which  reactions    take  place  readily  at  high  tempera- 
tures.     The  mixture  was,    then,    diluted  with  water;    the  mercaptan 
was  separated  cffi,   and  distilled  under  reduced  pressure, 

p-Nitro-benzyl  mercaptan  could  not  be  prepared   this  v/ay, 
tho  Strakosch     maintains    that  he   obtained   the  mercaptan.     Nor 
was    the  method  proposed  by  Price  and   Twiss^  found  successful, 
in  which  p-ni tro  benzyl  chloride  is  converted  into  p-nitro 
benzyl  sodium  thiosulphate  by  refluxing  with  NagSgOg  in  alcohol- 
water  solution,   and   this  compound  hydrolyzed  with  HgS04.      The 
method  finally  employed  was    that  Waters^.     p-Mi tro-benzyl   thio 
oyanate  -  made  by   the  action  of  KSCU  on  an  alcohol-water  solu- 
tion of  p-ni tro  benzyl  bromide   -  was   dissolved  in   the  cold  in 
alcohol  and  saturated  with  hydrogen  chloride,   and  allowed    to 
stand  in   the  cold  for  eight  days.     Upon   the  addition  of  water, 
p-nitro-benzyl   thiocarbamLne  ester    (p-N0gC6H4SC01IHg)   separated 
out,   which  was   filtered  off,    dissolved  in  alcohol,   and  heated 
with  a  little  more    than  an  equivalent  of  zinc  acetate.     Upon 
its  cooling,    the  mixture  was  poured  into  a  large  quantity  of 
water,   precipitating   the   zinc  p-ni tro  benzyl  mercaptan,   which 
was   filtered  off,   and  decomposed  with  concentrated  hydrochloric 

acid,   liberating   the   free  mercaptan,  which  is  a  solid,   melting 
when  piire  at  52°C. 

1.  Strakosch  -  B.    5,    69£    (1872). 

2.  Price  &   Tv/iss-   J.G.S.      95,    1726    (1909). 

3.  Waters   -     Ph.D.   Dissertation,  Munich,   1905. 
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Reac tions   of  Benzyl  Mercaptan   • 

Benzyl  mercaptan  .was  allowed   to  react  with  1  anthra- 
quinone  sodium  sulphonate,  with  1,5  and  1,8  disodiiim  sulphonates, 
and  with  1,5  and  1,8  alkyl   thio-ether  sodium  sulphonates,    ob- 
tained from  Mackall  and  Miller.      In  this  way  were   obtained,    the 
mono-thio  ether,    the  1,5  and  1,8  benzyl   thio-ether  sodium  sul- 
phonates,   the  1,5  and  1,8  benzyl  di thio-ethers ,   and  mixed  di- 
thio-ethers.      The  reaction  is  slower    than   that  of  bu.tyl  mer- 
captan,  and  eight   to    ten  hoxirs  were   generally  required   to  give 
the  yields   obtained  with  butyl  mercaptan.      !nhe   thio-ethers 
obtained  were  converted   to  sulphones   by  dissolving  in  acetic 
acid  and  adding  an  excess   of  a  saturated  solution  of  Cr03  in 
water,   and  heating  for  about  a  half  hour.     On  cooling   the  sul- 
phone  separated  out  in  pure  yellowish-white  crystals.      The 
following   tables  describe    the    thio-ethers,    sulphones,   and   thio- 
ether  sodium  sulphonates  prepared. 

p.Nitro  benzyl  mercaptan  gave  a  60^  yield  of  a  reddish- 
brown  powder,   which  was  boiled  with  alcohol  and  filtered,    thereby 
dissolving  all  p-nitro  benzyl  mercaptan  and  disulphide.      The 
crude    thio-ether  remaining  was   found   to  be  practically  insoluble 
in  all  common  organic  solvents.      Its   analysis  showed  9,53^  sul- 
phur against  a  calculated  8.54^.      The  sulphone  made  by  CrOg  in 
acetic  acid  showed  9.45^  sulphur  against  a  calculated  7.87^. 
It  was    therefore  evident    that   the  compound  was  still  impure. 
Attempts    to  reduce    the  compound  by  using  iron  and  acetic  acid 
failed  because  of   the  extreme   insolubility  of  the  compound. 
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Benzyl  Thio  Etliers 


Alkyl  Group 

1  benzyl- 

1,5  benzyl,  benzyl 

1,8  benzyl  benzyl 


M.p. 


242 

176 
189 


$   Sulph-ur 
Found   Calc • 


9.87 
14.50 
14.34 


9.71 
14.17 
14.17 


Color 

Golden  yellow 
Dull  orange 
Orange  red 


1,5  Alkyl  Benzyl  Dl till o -Ethers 


— 

Alkyl  Group 

M.p. 

5^  Sulphur 
Foimd   Calc. 

Color 

Methyl  Benzyl 

276 

17.31 

17.03 

Golden  yellow 

Ethyl 

208 

16.86 

16.43 

Orange 

Propyl 

210 

16.02 

15.86 

Orange 

Butyl 

235 

15.18 

15.32 

Orange  yellov/ 

iso-Amyl 

211 

15.00 

14.83 

Orange 

iao-Propyl 

239 

16.18 

15.86 

Orange 

1,8  Alkyl  Benzyl   Thlo-Ethera 


Alkyl  Gr 

oup 

M.p. 
OC. 

^  Sulphur 
Found   Calc . 

Color 

Me  thyl  Benzyl 

262 

16.96 

17.03 

Crimaon 

Ethyl 

164 

16.81 

16.43 

Orange 

Propyl 

181 

16.04 

15.86 

Orange 

Butyl 

185 

15.03 

15.32 

Orange  red 

iso-Amyl 

189 

14.99 

14.83 

Orange  red 

iao-Propyl 

229 

16.12 

15.86 

Orange  red 

*     Gatterman  made    this   compound   (A.   393,113   (1912)   and  gave 
240°  as   its   melting  point. 
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Benzyl    Tnio-Etlier  Sodj-um  Sulphonates 


^  Water 
Found  Calc . 

%   Sodiuia 
Fo-und  Calc . 

1,5  benzyl 

E  HgO 

6.95 

7.69 

5.24 

5. 32 

1,8  "benzyl 

3  H2O 

11.80 

11.11 

5.7E 

5.32 

Benzyl  Sulphonea 


Alkyl  Group 

M.p. 

%   Sulphur 
Found       Calo 

1  benzyl 

233 

1,8  benzyl,  benzyl 

202 

12.30       12.4 

1,5  Alkyl  Benzyl  Msulphoaes 


Alkyl  Groups 

M.p. 

%   Sulphur 
Found      Calo. 

Me  tliyl  Benzyl 

>280 

14.68 

14.56 

E  thyl 

210 

13.98 

14.11 

Propyl 

215 

13.70 

13.69 

Butyl 

228 

13.41 

13.29 

iso-Amyl 

202 

12.75 

12.91 

iso-Propyl 

229 

13.85 

13.69 
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1.8  Alkyl  Benzyl  Dlsulptiones 


Alkyl 

Groups 

M.p. 

^ 

Sulphur 

OC. 

Pound 

Calo. 

Me  thyl  Benzyl 

255 

14.48 

14.56 

Ethyl 

242.5 

14.22 

14.11 

Propyl 

227 

13.80 

13.69 

Butyl 

210 

13.20 

13.29 

iso-Amyl 

201 

12.60 

12.91 
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Rsactions  with.  iso-Propyl  Meroaptan. 

Preparation  of  iao-propyl  mercaptan;      The  mercaptan  was  pre- 
pared in   the  same  way  as  benzyl  mercaptan,   using  iso-propyl 
"bromide  and  an  alcohol-water  solution  of  llaSH.      This  method 
was   described  by  Claus^.      The  reaction  mixture,    in   this  case, 
after   four  days   of  standing  was   distilled  on   the  water-bath. 
The  distillate  was  diluted  with  water,    the  mercaptan  separated 

off,    dried  with  CaCl,   and  redistilled  on  a  water  bath.     Yield  605^. 

2. 

Reactions  with  anthraquinone  sodium  sulphonates;      Iso-propyl 
meroaptan  boils  at  57°.      Its   speed  of  reaction  with  anthra- 
quinone sulphonic  acids   at  100°  was  naturally  very  slow.      The 
mixtures  were  refluxed  for    twelve  hours  and   the  yields  averaged 
above  A0%,      The    thio  ethers   formed  are  described  below. 


iso-Propyl  Thio-Ethers 

Alkyl  Groups                  M.p.  %  Sulphur                      Color 

°C.  Pound   Calo. 

1  iso-propyl        134  11.37   11.36    Golden  yellow 

1,5  iso-propyl,  iso- 
propyl           148  18.04   17.99    Orange 

1,8  iso-propyl,  iso- 
propyl           181  18.33   17.99    Orange  red 


1.   Glaus  -  B.  5,  656  (1872). 
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1.5  Alkyl  Iso-Propyl  Pltjiio-EtJiers 


Alkyl 

Groups 

5}.p. 

^  Stilphur 
Found   Calc . 

Color 

Methyl,  iso 

-Propyl  - 

184 

19.58 

19.53 

Orange 

Ethyl 

163 

19.01 

18.75 

Golden  yellow 

Propyl 

135 

18.24 

17.99 

Golden  yellow 

Butyl 

114 

17.40 

17.51 

Orange  yellow 

iso-Amyl 

97 

16.24 

16.68 

Brownish,  orange 

^*8  Alkyl  lao-Propyl  Dithlo-Ethers 


Alkyl  Groups 

M.p. 

^  Sulphur 
Found   Calc . 

Color 

Methyl,  iso- 

-Propyl 

189 

19.65 

19.55 

Crimson 

Ethyl 

176 

18.52 

18.75 

Crimson 

Propyl 

135 

18.15 

17.99 

Orange  red 

Butyl 

131 

17.71 

17.51 

Orange  red 

iso -Any 1 

109 

16.78 

16.68 

Orange  red 

Iso-Propyl  Thio-Ether  Sodium  Sulphonates 


1,5  iso-propyl   2  HgO 
1,8  iso-propyl   3  HgO 


%  Water 
Found   Gale . 

7.80    8.57 
11.64   12.33 


%   Sodium 
Found      Calc 


5.70 
5.78 


5.98 
5.98 
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Oxidatlon  of  Iso-propyl   thio-e tliers:        To    .5150  gm.   of  1,8 
anthraquinone  di-iso-propyl    thio-etlier  was  added  fuming  nitric 
acid  sufficient   to   dissolve  it.      The  solution  was   evaporated 
to  dryness   on  a  water  bath  to  remove  all  excess  nitric  acid;  , 
Water  was  added   to    the   residue,    dissolving  everything  except 
a  small    trace   of  solid   (which  was  very  likely  some  di-sulphone) , 
The  solution  was  carefully  filtered  and   titrated  with  llaOH. 
It  required  0,002501  moles   of  NaOH  as  against  a  calculated 
0,002890  moles   on   the  "basis   of   the  formattion  of  anthraquinone 
disulphonic  acid.      The   resulting  solution  was  boiled  down   to 
a  small  volume,    four  equivalents   of  ITaOH  were  added,    and   the 
mixture  refliixed  with  butyl  mercaptan  for   four  hours.      This 
reaction  mixture   gave  a  solid  recrys tallizable  from  benzene 
and  melting  at  129°C.   as  compared  with  ISl^G,    for    the  melting 
point  given  by  Reid,  Mackall  and  Killer   for  1,8  anthraquinone 
di-butyl   thio-ether. 

All  of  the  1,8  mixed   thio-ethers  gave  practically  entirely 
a  sulphone  sulphonic  acid,   with  no  sulphone.     For  example, 
0,002329  moles   of  NaOH  were   required   to  neutralize    the  residue 
obtained  on  oxidizing  1,8  anthraquinone  propyl  iso-propyl  di- 
thio-ether,   as  compared  with  the  calculated  0,002419  moles   of 
NaOH  required  for    the   formation  of  1,8  anthraquinone  propyl 
sulphone  sulphonic  acid.     All   the  sulphone  sulphonic  acids   form- 
ed w6ta  neutralized  with  sodium  hydroxide  and  boiled  with  butyl 
mercaptan.      They  formed  crimson  sulphone    thio-ethers  which  were 
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identified  by  oxidation   to    the  corresponding  di-sulphones 
described  "by  Reid,  Mackall  and  Miller.      The  melting  points   of 
these  sulphone  butyl   thio-ethers  are  given  below. 

1.8  Alkyl  Sulphone  Butyl   Thio-Ethers 

Alkyl  Sulphones  M.p.    °C. 

Methyl  159 

Ethyl  140 

Propyl  132 

Butyl  1E6 

Iso-Propyl  121 

Mono-iso-propyl    thlo-ether  gave   on  oxidation  some  sulphone, 
which  was   filtered  off  and  recrys tallized.      It  melted  at  182°C. 
It  analyzed  10.30  ^  sulphur  as  against  10.20  %   theoretical  sul- 
phur.     The   filtrate  was    found   to  contain  anthraquinone  sulphonic 
acid  corresponding   to  81)^  of   the   original    thlo-ether  used.      It 
gave  with  butyl  mercaptan  a   thio-ether  melting  at  114°C.   as 
compared  with  114. 5°G.,    the  melting  point  of   the  mono-butyl 
thio-ether,    given  by  Reid,  Mackall  and  Miller.      The  1,5  mixed 
thio-ether  gave   from  805^   to  85?^  oxidation   to  sulphone  sulphonic 
acids,    the  rest  were  converted   to  sulphone  butyl   thio-ethers 
with  butyl  mercaptan.      The    two  classes   of  compounds   formed  are 
described  in   the   following   tables. 
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1,5  Alkyl  iso-Propyl  Sisulpliones 


Alkyl 

Group 

%V 

%  Svl-ph-ax 
Found      Calo. 

Methyl  iso 

-Propyl 

240 

16.60 

16.34 

Ethyl- 

E13 

16.00 

15.78 

Propyl 

203 

15.31 

15.25 

Butyl 

194 

14.92 

14.76 

iso-Amyl 

181 

14.20 

14.30 

iso-Propyl 

222 

15.38 

15.25 

1.5  Alkyl  Sulphone  Butyl  Thlo -Ethers 


Alkyl  Sulphones  M.p.  °C, 


Methyl  256 

E  thyl  ElO 

Propyl  204 

Butyl  162 

iso-Amyl  189 
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1,5  Anthraquinone  Butyl  Sulphone  Sodium  Sulphonate. 

Preparation:   Twenty-five  grams  of  "goldsalt"  (1.5  anthra- 
quinone butyl  thio-ether  sodium  sulphonate)  was  dissolved  in 
30  cc.  of  fuming  nitric  acid  and  the  solution  evaporated  to 
dryness  on  a  water  bath.   The  yield  of  the  crude  sulphone 
sulphonate  was  practically  quantitative.   This  was  dissolved 
in  a  minimum  of  water  and  allowed  to  recrystallize  by  boiling 
dov/n  the  solution  to  the  formation  of  crystals,  and  allowing 
to  cool.   Nothing  further  separated  out  until  below  30°.   This 
first  batch  was,  therefore,  filtered  off  separately  and  the  fil- 
trate cooled  further,  whereupon  it  crystallized  out  in  almost  a 
solid  mass.   The  first  batch  of  crystals  showed  8,895^  water  as 
compared  with  E.05%  for  ^  molecule  of  water  of  crystallization, 
whereas  the  second  batch  showed  3,59/^  water  as  compared  with 
4.05^  for  1  molecule  of  water  of  crystallization. 

Reaction  with  butyl  mercaptan  and  other  mercaptans:    Two  grams 
of  the  butyl  sulphone  sodium  sulphonate  was  dissolved  in  50  cc.  of 
water  containing  four  equivalents  of  WaOE  and  heated  to  boiling. 
A  little  more  than  the  equivalent  of  butyl  mercaptan  was  added 
to  the  hot  solution,  whereupon  immediately  there  separated  out 
a  mass  of  brownish  golden  crystals.   The  heating  was  continued 
for  a  few  minutes,  the  hot  mixture  filtered  and  the  residue 
washed  with  hot  water.   The  yield  of  1,5  butyl  sulphone  butyl 
thio-ether  was  practically  quantitative.   Analysis  for  sulphuj: 
showed  15.37^  against  theoretical  15.40%.   It  oxidized  f-orther 
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to    the  butyl  sulptione  melting  at  184.5'^C.   as   described  by 
Re  id,  Llackall  and  Miller. 

The  reaction  with  other  aliphatic  mercaptans  proceeded 
with   the  same  speed,    except   tliat  in   the  case  of  methyl  mercaptan 
which  boils  at  5°C.    the  mercaptan  was  added   to    the  sulphone,,- 
sulphonate  in  a   test-tube  cooled  in  a  freezing  mixture,   after 
which   the    test-tube  was  sealed  off  and  heated   to  a  100°u.   in 
a  water  bath.      It  gave  without  difficulty   the  butyl  sulphone 
methyl    thio-ether.      The  melting  points   of   these  compounds  are 
given  beloT/. 

1,5  Butyl  Sulphone  Alkyl    Thio-E there 

Alkyl   Thio -Ether  LI. p.    OQ. 

Me  thyl  228 

Ethyl  217 

Propyl  201 

Butyl  162 

iso-Amyl  154 
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Reactlons  witli  thlo-phenol  and  p,nitro-th.lo -phenol;        Two  grans 
of   the   butyl  sulphone   sulphonate  v/as    dissolved   in   50   cc.    of 
water  containing  four  equivalents   of  sodium  hydroxide  and  heated 
to   boiling.      One   gram  of   thio-phenol  was   added    to    the  hot  solu- 
tion.    A  precipitate  began   to   form  almost  immediately,     -^--fter 
four  hours,    the  hot  mixtvire  was   filtered  and  washed  with  hot 
water.      It   gave  a  yield  of  80^?  of   the  crude  butyl  sulphone 
phenyl    thio-ether.      It  was   recrys tallized  from  acetic  acid. 
Analysis   gave  15.115^  sulphur  against   the    theoretical  14,69^. 
It  did  not  melt  below  350°C.. 

p. Nitre  phenol  was    tried  in   the  same  way.      There  was, 
hov/ever,   no  precipitation  in   the   reaction  mixture.     After  four 
hours   of  reflvLxing,    the  mixture  was    treated  with  acid  until 
just  neutral.     A  precipitate  was   formed  which  was   filtered  off. 
It  was  extracted  with  alcohol   to  remove  all  impurities  and  re- 
crystallized  from  acetic  acid.      It  was   only  slightly  soluble 
in  acetic  acid  and  it  was   doubtful  whether  recrys tallization 
did  actually  purify   the  compound.      It  melted  above  300°C. 
Analysis   for  sulphur  showed  14.03^  against  a   theoretical  13.32^. 

Experiments  with  butyl  alcohol  and  with  sodium  hydroxide;  Two 
grams  of  the  butyl  sulphone  sulphonate  was  dissolved  in  20  cc.  of 
water  containing  four  grams  of  sodium  hydroxide.  To  this  mix- 
ture was  added  10  cc.  of  butyl  alcohol  and  the  mixture  was  re- 
fluxed  for  18  hours.  On  cooling,  nothing  was  seen  to  precipi- 
tate out.      The  mixture  was,    therefore,    distilled  with  steam 
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to  remove  all  excess  butyl  alcohol.   IJo  precipitate,  hov;ever, 
could  be  seen  even  after  this  procedure.   It  was,  therefore, 
decided  that  butyl  alcohol  does  not  react  with  anthraquinone 
sodium  sulphonates  in  water  solutions. 

Two  grams  of  butyl  sulphone  sulphonate  was  boiled  with 
eight  equivalents  of  sodium  hydroxide  in  50  cc.  of  water  for 
twelve  hours  and  the  mixture  was  then  acidified  with  HCl.   No 
precipitate  was  formed,  but  the  dark  color  of  the  solution 
remained.   The  formation  of  butyl  sulphone  hydroxide,  if  any 
was  formed,  was  too  small  to  be  perceptible. 
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Reactions  with  Mono- th.io-e thylene  Glycol. 

Mono-tMo  ethylene  glycol   (HOCIIgCHgSH)     was  made  by   the 
method  described  by  Rosen  and  Reid^.      The  mercaptan  was   quite 
unstable  and  unless  used  when  freshly  prepared  showed  no  re- 
action with  anthraquinone  sodium  sulphonate.      The   formation 
of   the    thio-ether,    in  fact,   v/as  used  as  a  criterion  of   the 
"freshness"   ofathe  mercaptan.      The  yields   obtained  with  good 
mercaptans,   namely  about  80fo,   were    those  obtained  with  other 
mercaptans.      The  mono-thio  e1;her  melted  at  178°   just  as    that 
described  by  Gatterman^,   who  made  it  another  way.      The  acetate 
was  prepared  by   treating  with  acetyl  chloride  and  recrystallis- 
ing  from  acetic  acid.      The  compounds  prepared  are   described 
below. 

An  thraquinone  Subs  ti  tuen  ta 

1       SGHgCHgOH 

1   SCHgCHgOCGCHg 

1,5    (SCH2CH20H)2 

1,5    (SGH2GH20C0CH3)2 

1,8        (SGH2CH20H)2 

1,8        (SGH2CH20G0CK3)2  " 


1.  Rosen  &  Reid,      J.A.C.S.      44,    654    (1922). 

2.  Loc.    cit. 


M.p. 

fo  Siilphur 
Foujid              Gale. 

178 

146 

224 

17.37 

17.79 

199 

14.60 

14.43 

206 

17.30 

17.79 

159 

14.54 

14.43 

Reactions  with  Ethylene  Llercaptan. 
Preparation  of  ethylene  mercaptan   :        Ethylene  merosptan  was 
prepared  from  ethylene  bromide   in  a  sililar  way   to  henzyl 
mercaptan.      It  was  made  according   to    the  method  of  Fasbender-^ 
with   the  following  modifications.      The  mixture   of   the  alcohol- 
water  solution  of  NaSE  and  of  ethylene  bromide  was  allowed   to 
stand  for  four  daj'B   in  cold  water,   with  frequent  shaking.      The 
mixture  was   diluted  with  water,    the  mercaptan  layer  filtered 
off,    dried  with  GaClg  and  distilled  under  reduced  pressure. 
Yield  about  30^.      The  mercaptan  is   exceedingly  unstable  and 
gives   on  heating  a  large  quantity  of  a  white  crystalline  com- 
pound.     It  is    the   formation  of   the  compound  containing  a  high 
percentage   of  sxilphur   that  made  a  study  of  its   reactions  so 
difficult. 

Reaction  of  ethylene  mercaptan  with  anthraquinone  sulphonio 
acids;        Ethylene  mercaptan  was   found   to  react  quite  readily 
with   the  mono  and   di-   sulphonates,    giving  yields    of  about  BOfo 
of  yellow  powders.      In  every  case,   however,    this  powder  was 
extremely  impure,    giving  varying  analyses   for  sxilphur  and  no 
definite  melting  points.      One   attempt  at  purification  of   the 
mono-sulphonate  reaction  product  gave  an  analysis   for  sulphur 
of  21.7555.     It  did  not  melt  below  £50°G.,   showing   the  absence 
of  appreciable  sulphur-containing  impurities,   v/hich  were   found 
in  most  cases    to   decrease    the  melting-points   of   the  crude 
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products  to  below  100°G.   This  analysis  corresponded  to 

which  contains  21.42^  sulphiir.   That  this  compound  would  be 
formed  seemed  probable,  if     /\/\^V''^  ^^    ''^ 


were  first  formed.  However,  no  fxirther  checks  on  this  work 
were  obtained,  nor  could  a  product  giving  that  analysts  for 
sulphur  be  obtained  again. 


Note.   In  all  of  this  work,  the  anthraquinone  sodium 
sulphonates  used  were  obtained  thru  the  courtesy  of  E.  I.  du 
Pont  de  Kemoiirs  &  Co.  of  Wilmington,  Delav/are. 
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